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FREE  RADICALS  GENERATED  WITH  THE  POLYMERIZATION  OF 
METHYL  METHACRYLATE  IN  THE  PRESENCE  OF  NITROALKANES 


A.  I.  Shreybert.  A.  P.  Kharbin,  O.  /.  Knyazeva  and  P.  G.  Tishkov 
Volgograd  Polytechnical  Institute 

The  polymerization  of  methyl  methacrylate  (MMA)  in  the  presence  of  nitroalkanes  is  ac¬ 
companied  by  a  decrease  in  spin-lattice  relaxation  time  even  in  the  absence  of  a  monomer-to- 
polymer  transformation,  which  is  evidently  linked  to  the  participation  of  free  radicals  in 
this  process  ft]. 


With  the  objective  of  elucidating  the  nature  of  these  free  radicals  and  developing  some 

estimate  of  their  concentration,  we  undertook  to  investigate  the  polymerization  of  MMA  in  the 

presence  of  tetranitromethane,  1.1-dinitroethane  and  nitroethane  using  the  electron 

paramagnetic  resonance  (EPR)  method.  yJ  ■  , 

r.-4 «  r  - 


Experimental  procedure 

MMA  (0.029  mole)  was  polymerized  at  50°  in  the  presence  of  nitroalkanes: 
tetranitromethane,  1.1-dinitroethane  and  nitroethane  (0.008  mole).  For  a  number  of  experi¬ 
ments  we  also  added  benzoyl  peroxide  (0.0006  mole).  EPR  spectra  were  recorded  using  the 
standard  RE-1301  radiospectroscope.  We  established  the  concentration  of  free  radicals  with 
respect  to  diphenylpicrylhydrazyl  using  the  technique  of  comparing  the  integral  curves  of  the 
test  sample  with  those  for  the  standard  [2], 


Discussion  of  findings 


When  MMA  is  polymerized  in  the  presence  of  nitroalkanes,  the  EPR  signal  can  be  observed 
within  90-150  min.  The  EPR  spectrum  of  the  free  radicals  generated  with  the  polymerization 
of  MMA  in  the  presence  of  tetranitromethane,  1 . 1 -dinitroethane  and  nitroethane  presents  us 
with  a  triplet.  In  the  case  of  the  tetranitromethane  the  components  of  the  hyperfine  struc¬ 
ture  (STS  [hfs])  are  symmetrical,  splitting  ±17  Oe,  width  3.4  Oe.  The  symmetry  of  the 
triplet  is  destroyed  by  the  addition  to  the  MMA-tetranitromethane  mixture  of  benzoyl  perox¬ 
ide,  as  well  as  by  the  polymerization  of  MMA  in  the  presence  of  1.1 -dinitroethane, 
nitroethane  and  benzoyl  peroxide  (see  figure). 


Figure  1.  EPR  spectra  of  free  radicals  in  the  fol¬ 
lowing  systems:  (a)  -  MMA  +  tetranitromethane; 

(b)  -  MMA  +  tetranitromethane  +  benzoyl  peroxide; 

(c)  -  MMA  +  nitroethane  +  benzoyl  peroxide;  (d)  - 
MMA  +  1 . 1 -dinitroethane  +  benzoyl  peroxide 


Analysis  of  the  hfs  of  the  spectrum  permits  us  to  hypothesize  hyperfine  isotropic  inter¬ 
action  on  the  part  of  the  unpaired  2  pz  oxygen  electron  distributed  along  the  nonhvbrid  2 
p  nitrogen  orbit  N14.  Since  the  spin  of  the  N14  nucleus  /  =  1,  this  interaction 
causes  each  Zeeman  level  to  split  into  three  sublevels  with  energies  [2]  eo  +  Am,,  where 
.4,  is  the  hyperfine  splitting  constant  and  m\  =  1,  0;  —1. 

The  EPR  spectrum  should  therefore  appear  as  a  triplet  comprising  equidistant  components 
and  correspond  to  the  following  radical: 


a  —  n  —  o 
i 

where  °'I> 

n  =  — C(\02)3.  —  CH  (NOjJCHj.  -CH;CH3. 

This  free-radical  structure  offers  a  good  explanation  of  the  mechanism  involved  in  retarding 

the  polymerization  of  MMA  in  the  presence  of  nitroalkanes. 

n  —  N  —  0  +  M-.R  —  N=0-U~M  —  o  —  M  — 

I 


Concentration  and  hfs  of  free  radicals  formed  with  the  polymerization 
of  MMA  in  the  presence  of  nitroalkanes  at  50° 


COCTaS  CMC  Cl! 


_ (a) 

MMA  ■f  leTpaHUTpoMCiaii 

(f> 

MMA  +  icipaniiTpoMeiaii  + 
-f  nopoKiicb  Ceiiaoii.ia 

(g) 


MMA  4-  l.l-.iiiiinTpoDTan  + 
+  nepenncs  6eii30H.ia(i) 

MMA  +  unTpoaian  +  nepe- 
KHCb  Senaou.ia  (j) 


Bp^mh 

«l  0.11!  Mr  Dll - 
3011(111. 
HUM. 

(b) 

CTC  cioAobhmx  pasiiK&Jios 

Ilel 

Ko.nmecT»o 
nana.MarmiT- 
HUX  UfHTDOB 

B  1  CM3 

(c) 

CooTHonietfMf 

MHTCHCilBUOC' 

reft 

_ iAl 

A//,  9 

ill,,  • 

87/..  > 

90 

5-1014 

1  :  1  :  1  :  1 

3,4 

17 

17 

150 

9,5- 1014 

1  :  1.2:  1,1 

3,4 

17 

17 

320 

l  ,2  •  101S 

1  :  1.1  :  1,1 

3,4 

17 

17 

100 

6- 10>* 

1  :  1.2  1.1 

3,4 

17 

17 

133 

9,5-  ID11 

1  :  1.7  :  1,7 

3,4 

17 

17 

180 

1 .8  - 10'* 

1:2:  1,5 

3,4 

17 

17 

270 

8-10‘» 

AclIMMeTpilH- 

12 

35 

35 

HLlft  CIJeKTp 

360 

1 ,2  •  10lc 

To  >KC  (k) 

13 

35 

26 

90 

4,3-  101S 

»  t 

13 

35 

26 

150 

7  -lO15 

»  » 

13 

36 

26 

150 

(1—3)  10” 

»  » 

11.2 

26 

26 

300 

2,5- lO'5 

»  > 

11,2 

26 

26 

KEY:  (a)  -  composition  of  mixture;  (b)  -  polymerization  time,  min;  (c)  - 
number  of  paramagnetic  centers  per  1  cm3;  (d)  -  ratio  of  intensities; 
(e)  -  hfs  of  the  free  radicals*;  (f)  -  MMA  +  tetranitromethane;  (g)  -  MMA 
+  tetranitromethane  +  benzoyl  peroxide;  (h)  -  asymmetrical  spectrum;  (i) 
-  MMA  +  1.1-dinitroethane  +  benzoyl  peroxide;  (j)  -  MMA  +  nitroethane  + 
benzoyl  peroxide;  (k)  -  same;  *  -  azt  -  width  of  component;  6Hland 
are  splitting  values. 


The  polymer  radicals  react  with  the  oxygen  of  the  nitro  group,  which  breaks  the  chain.  The 
mechanism  suggested  here  will  evidently  be  similar  to  that  which  we  observe  in  the  case  of 
polymerization  in  the  presence  of  aromatic  nitro  compounds  [3-5], 

It  is  possible  that  the  asymmetry  of  the  triplet  and  the  broadening  of  the  outer  compo¬ 
nents  (see  figure)  are  due  to  anisotropic  hyperfine  dipole-dipole  interaction  between  the 
magnetic  moments  of  the  N14  nucleus  and  an  electron,  and  in  the  case  of  the  nitroethane  and 
the  1.1-dinitroethane  to  the  high  viscosity  of  the  medium. 

The  polymerization  of  MMA  is  accompanied  by  an  increase  in  the  concentration  of  free 
radicals.  As  would  be  anticipated,  the  highest  concentration  will  be  observed  when  MMA  is 
polymerized  in  the  presence  of  tetranitromethane  (see  table).  In  a  number  of  experiments  it 


rose  to  1.2-1016  paramagnetic  centers/ cm}.  The  intense  retarding  effect  of  the 

tetranitromethane  referred  to  in  [1]  must  be  attributed  to  the  high  concentration  of  the  in¬ 
active  free  radicals  forming  the  chain.  Other  conditions  remaining  equal,  the  decrease  in 
the  number  of  nitro  groups  in  turn  reduces  the  concentration  of  free  radicals  (in  the  case  of 
the  nitroethane  it  drops  to  ( 1  -  3  )■  1 013  paramagnetic  centers/cn})  and,  accordingly,  the 

retarding  effect  as  well.  It  has  been  possible,  for  example,  to  polymerize  MMA  in  the 
presence  of  nitroethane  and  benzoyl  peroxide  [1],  Therefore,  aliphatic  nitro  compounds, 
being  sources  of  inactive  free  radicals,  will  retard  the  polymerization  of  vinyl  monomers. 


Conclusions 

1.  The  EPR  technique  has  been  used  to  investigate  the  polymerization  of  methyl 
methacrylate  in  the  presence  of  tetranitromethane,  1 .1 -dinitroethane  and  nitroethane. 

2.  The  polymerization  of  methyl  methacrylate  in  the  presence  of  nitroalkanes  is  accompa¬ 
nied  by  the  formation  of  free  radicals;  the  concentration  and  hfs  of  these  free  radicals  has 
been  established. 

3.  The  retarding  effect  of  nitroalkanes  on  the  polymerization  of  methyl  methacrylate  has 
been  explained. 
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COPOLYMERIZING  COMPLEX  ESTERS  OF  METHYLOYLMETACRYLAMIDE 


/.  K.  Mosevich  and  I.  A.  Arbuzova 

Institute  of  High-Molecular  Compounds 
USSR  Academy  of  Sciences 


Previous  investigations  have  focused  on  a  number  of  properties  of  polymers  of  complex 
methyloylmetacrylamide  esters  in  both  linear  and  three-dimensional  form  [1], 

The  present  paper  presents  findings  from  a  study  of  the  copolymerization  of  complex 
methyloylmetacrylamide  esters,  specifically,  the  acetic  (UEMOL),  benzoic  (BEMOL)  and  butyric 
(MEMOL)  esters,  with  methyl  methacrylate  (MMA)  and  acrylonitrile  (AN).  With  the  objective  of 
characterizing  the  the  reactivity  of  these  esters  we  established  the  copolymerization  con¬ 
stants  /-j  and  r2  for  the  monomer  pairs  MMA-MEMOL  and  AN-MEMOL  and  computed  Q  and  e 
for  MEMOL. 

We  also  established  a  number  of  properties  of  the  MMA-UEMOL  and  MMA-BEMOL  copolymers  in 
the  final  phase  of  polymerization  upon  completion  of  the  condensation  processes,  which  were 
conducted  by  heating  the  linear  polymers  at  130°. 


Experimental  procedure 

UEMOL  and  MEMOL  were  produced  by  reacting  the  corresponding  acid  anhydrides  with 
methyloylmetacrylamide  in  toluene  [2j. 

For  polymerization  we  selected  fractions  with  a  boiling  point  88— 8972,5  10-* 

mm  in  the  case  of  the  UEMOL  and  91-92°/410'2  mm  in  the  case  of  the  MEMOL. 


To  produce  the  BEMOL  we  reacted  benzoyl  chloride  with  methyioyimetacrylamide;  after 
recrystallization  from  the  petroleum  ether  it  had  a  melting  point  of  87°.  [3]. 

We  distilled  the  MMA  and  selected  a  fraction  with  a  boiling  point  of  45°/90  mm. 
Prior  to  the  reaction  the  AN  was  also  distilled  and  a  fraction  selected  with  a  boiling  point 
Of  77°. 


Table  1.  Copolymerization  of  complex  methyioyimetacrylamide  esters  (M2)  with  AN 
(Mx)  in  dimethylformamide  solution  with  0.2%  cyclohexyl  ester  of  percarbonic  acid 
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KEY:  1  -  initial  monomer  ratio  (mol.  %); 

dimethvlformamide;  3  -  degree  of  conversion;  4  - 
5  -  MEMOL;  6  -  BEMOL 


2  -  ratio  monomer  mixture 

composition  of  copolymer,  mol. 


Table  2.  Copolymerization  of  MMA  (Mj)  with  MEMOL  (M2) 
(polymerization  temperature  70°,  initiator  -  0.2%  benzoyl  peroxide) 
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KEY:  1  -  experiment;  2  -  composition  of  starting  mixture,  mole 
fraction;  3  -  degree  of  conversion;  4  -  composition  of 

copolymer,  mole  fraction 


The  complex  methyloylmetacrylamide  esters  were  copolymerized  with  the  MMA  and  AN  in  the 
presence  of  peroxide  initiators  (benzoyl  peroxide  and  cyclohexyl  percarbonate)  both  in  bulk 
and  in  solution.  The  colpolymers  thus  produced  were  purified  by  reprecipitating  the  AN-MEMOL 
and  AN-BEMOL  products  from  dimethylformamide  solution  with  methyl  alcohol,  the  MMA-MEMOL, 
MMA-BEMOL  and  MMA-UEMOL  from  acetone  with  ethyl  ether.  The  composition  of  the  copolymer  was 
established  on  the  basis  of  the  nitrogen  content. 


Table  3.  Copolymerization  of  AN  (Mj)  with  MEMOL  (M2) 
(polymerization  temperature  70°,  initiator  -  0.2%  benzoyl  peroxide) 
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-  experiment  number;  2  -  composition  of  starting  mixture,  mole 
3  -  composition  of  copolymer,  mole  fraction;  4  -  degree  of  con- 


Tables  1-3  summarize  the  findings  from  experiments  involving  copolymerization  in  both 
solution  and  in  bulk.  We  used  the  data  in  Tables  2-3  to  compute  the  copolymerization  con¬ 
stant  in  accordance  with  the  conversion  method  of  Mayo  and  Lewis  [4]. 


Table  4.  Copolymerization  of  MMA  (Mj)  with  complex 
methyloylmetacrylamide  esters  (M2)  in  the  presence  of  0.2%  benzoyl 
peroxide 
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KEY:  I  -  methyloylmetacrylamide  ester;  2  -  mole  ratio  of  monomers  Mj  and  M2;  3  -  Vicat 
hea:  resistance.  °C.  Note:  Polymerization  was  conducted  at  temperature  constantly  elevated 
from  45  to  120°. 
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Table  4  presents  findings  from  experiments  involving  the  copolvmerization  of  MMA  with 
UEMOL  and  BEMOL  in  the  presence  of  peroxide  initiators  at  temperatures  favorable  to  the  con¬ 
densation  processes. 

Results  of  computations  of  copolymerization  constants  are  summarized  in  Table  5  and 
then  graphed  in  the  figure. 


0,4  0,6  0,8  M2 


Copolymer  composition  as  function 
of  composition  of  starting  mix¬ 
ture  of  monomers:  1  -  copolymer 
MMA-MEMOL;  2  -  copolymer  AN- 
MEMOL;  M2  -  mole  fraction  of 
MEMOL  in  starting  mixture  of 
monomers;  m2  -  mole  fraction 
MEMOL  in  copolymer 


Discussion  of  findings 

We  can  see  from  Table  5  that  with  any  ratio  of  Mj  to  M2  in  the  mixture  of  mono¬ 
mers,  the  MMA-MEMOL  (curve  J)  copolymer  is  always  going  to  be  impoverished  of  MEMOL  units 
( ri< 1,  rj>l)  and  enriched  with  MMA  units.  In  this  instance,  the  end  radical  of  the  poly¬ 
mer  chain  Mj  will  react  for  the  most  part  with  its  monomer  Mj.  Looking  now  at  the  AN- 
MEMOL  system,  the  curve  indicates  the  presence  of  an  azeotropic  mixture  of  monomers  with  a 


content  of  62  mol.  %  MEMOL.  The  relative  reactivity  of  the  MEMOL  1/rj  with  respect  to  the 
MMA  radical  is  lower  than  with  respect  to  the  AN  radical,  while  the  reactivity  of  the  MEMOL 
radical  is  greater  with  respect  to  the  MMA  than  to  the  N.  The  product  of  r\'r2  P°'nts  1° 
a  greater  tendency  to  alternation  of  the  individual  units  and  a  more  ordered  structure  in  the 
MEMOL-AN  copolymer. 


Table  5.  Copolymerization  constants 
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r  i 

r* 

r,-rt 

1 

T\ 

_1^ 

r« 

AH 

M3MOJI 

0,35+0,05  | 

0,60- 

±0,07 

0,20 

3,03 

1,6 

MMA 

M3MOJI 

1,65+0,13  | 

0,50; 

±0,07 

0,82 

0,60 
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We  then  computed  Q  and  e  on  the  basis  of  values  established  experimentally  for  the 
MMA-MEMOL  copolymerization  constants.  For  MEMOL  Q  =  0.38;  e  =  -0.04.  This  enabled  us  to 
compute  the  copolymerization  constants  in  accordance  with  the  formulas  of  Alfrey  and  Price 
for  the  AN-MEMOL  monomer  pair  (rj  =  0.35,  r2  =  0.60),  which  are  found  to  be  in  good 
agreement  with  the  values  of  r\  and  r2  for  this  pair  as  established  experimentally.  The 
values  of  Q  and  e  for  MMA  and  AN  have  been  taken  from  the  literature  [5,  6], 

It  follows  from  the  data  in  Table  1  that  by  copolymerizing  AN  and  MEMOL  we  can  produce 
copolymers  with  [r?]  =  1.5-2  (in  dimethylformamide).  The  properties  of  the  copolymer  will 
vary  as  functions  of  composition.  When  the  content  of  the  ester  units  in  the  copolymer  is 
increased  to  15-20  mol.  %,  it  begins  to  be  soluble  in  acetone,  methyl  ethyl  ketone  and 
dioxane. 

Conclusions 

Copolymers  containing  butyric,  acetic  and  benzoic  esters  of  methyloylmetacrylamide  and 
methvlmethacrylate  and  acrylonitrile  have  been  produced  and  a  number  of  the  properties  of 

V 

these  materials  analyzed.  It  has  been  shown  that  when  the  content  of  the  ester  units  in  the 
copolymers  is  increased  to  15-20%,  these  materials  begin  to  become  soluble  in  acetone,  meth¬ 
yl  ethyl  ketone  and  dioxane. 

The  constants  for  the  copolymerization  of  the  butyric  ester  of  methyloylmetacrylamide 
and  methyl  methacrylate  and  acrylonitrile  and  values  of  Q  and  c  for  the  butyric  ester  of 
methyloylmetacrylamide  have  been  computed. 
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